INTRODUCTION
Making a stop on the way to or from work to drop off or pick up a child, for an errand, or for a quick bite seems increasingly common among urban commuters. This is believed to be a consequence of increasing fractions of two-worker households, single-parent households, and single-person households which contribute to tighter daily schedules of urban residents. It is expected that commuters are able to improve the efficiency of their daily travel as a whole and reduce total travel time and distance by combining stops for personal activities with commute journeys than by making these stops outside the commute journeys.
At the same time, this may produce more peak-period trips. This is particularly important in case of commuting by auto. In the Washington Post article entitled "Pursuit of a Grande Latte May Be Stirring up Gridlock," Shaver refers to McGuckin et al. (1) and notes: "… the craving for gourmet coffee may add mileage to the morning rush and also complicate efforts to reduce traffic, save fuel, and reduce air pollution" (2) . Is this really the case? If so, how much mileage does a stop made in a commute journey add? Does the added peak-period mileage offset the saving in total daily mileage gained by combining stops in commuter journeys? This study is an attempt to answer these questions.
Before proceeding, definition of basic terms is due. A journey is defined in this study as a series of trips starting from, and ending at, either the home base or the work base, which may involve one or more stops, or may not involve any stop. There are home-to-work journeys, work-to-home journeys, home-based (i.e., home-to-home) journeys, and work-based journeys. Home-to-work (H-W) and work-to-home (W-H) journeys are called commute journeys in this study. A commuter is defined as a worker who makes at least one work trip on a given day.
The analysis of this study addresses the following hypotheses:
A. Presence of a stop in a commute journey on average leads to more travel time and distance involved in the journey. B. The total travel time and distance in the commuter's daily travel, however, do not increase as much as they would when the stop were made separately in a home-based journey before or after work. C. Nonetheless, the peak-period auto travel time and distance do increase with stops in commute journeys.
Hypothesis B reflects the view that those commuters who make stops during their commute journeys are doing so to improve the efficiency of their daily travel as a whole, and therefore the total travel time and distance decrease as a whole. Nonetheless, Hypothesis C states, this effort to make daily travel efficient produces more peak-period trips, particularly by auto. This study is an attempt to empirically examine these hypotheses and see if a stop in a commute journey has adverse effects on traffic, and if so, by how much.
The Mobidrive six-week travel diary data set (3) is used in the analysis. The data set contains on average about 24-days worth of commute trip records for each respondent commuter. A reliable estimate of average commute journey time and distance can be obtained for each commuter from data on commute journeys that do not involve any stop. Based on this, incremental travel time and distance due to a stop, or stops, can be evaluated directly and precisely for each commuter. This is by far a better measure of incremental travel than ones that can be obtained by comparing two sets of commuters, one without a stop and the other with stops in their commute journeys. These measures are not only imprecise but are prone to ecological fallacies; namely, if those commuters who make stops are systematically different in their trip making from those who do not make stops, then the difference may be erroneously taken as the effect of stops in commute journeys.
This paper is organized as follows. Following a brief literature review on stop making in commute journeys in the next section, the data set used is described and sample profiles are presented. Exploratory analysis is performed on the association between stop making and journey start time, commute journey length, and commute travel mode. Effects of stops on daily travel time and distance and peak-period travel time and distance are then examined by tabulating increments in travel time and distance as well as travel time and distance themselves. Finally, panel regression analysis is performed to attribute travel time and distance to different types of stops. The concluding section offers a summary of the study.
LITERATURE REVIEW
The phenomenon of combining non-work stops in commute journeys has been the subject of travel behavior research for some time. Importance of commute trips as a base to make nonwork stops has been noted by several researchers (4, 5) . Gordon et al. (6) show, based on the 1983 NTPS data, that non-work travel accounted for just over half of all person-trips in the morning peak and two-thirds of afternoon peak person-trips, and between 1977 and 1983 nonwork trips grew considerably faster than work trips. Strathman et al. (7) attribute this to the linking of non-work travel to commute trips. Oster (4), who views "visiting non-work destinations" as the "second role of the work trip," notes that continuing reductions in household size coupled with the increasing fraction of multiple worker households would result in a greater tendency of linking non-work trips to work trips. In fact McGuckin et al. (1) show that the number of commute journeys linked with at least one non-work trip has increased by 9% between 1995 and 2001. The issue here falls in the broader subject area of trip chaining, i.e., linking of trips to visit multiple locations in a series of trips starting and ending at a base (either a home base or work base). Reviews of the literature on trip chaining can be found in Hanson (8) , Golob and Golob (9) , Thill and Thomas (10), Strathman et al. (7) , and Kitamura (11, 12) .
Based on survey data from the Washington, D.C., area, Kuppam and Pendyala (13) report that about 70 percent of trip chains made by commuters are linked to work activities, and about one-third of commuters made at least one non-work trip chain. Jou and Mahmassani (14) examine trip chaining in Austin and Dallas, Texas, and find more linking of non-work trips to evening commute journeys than to morning journeys (with relative frequencies of 1/3 vs. 1/4).
Findings have also been accumulated on who tend to make stops during commute journeys. Strathman et al. (7) note that single working adults with preschool children have the greatest propensity to form complex work commute chains. This is followed by single adult workers, single heads with school-age children, and traditional couples. Kuppam (21) report that the mean number of serve-passenger stops is quite high (2.08) among non-workers who make a serve-passenger trip at all. They also report that non-workers in households with children are most likely to make serve-passenger trips. On a Dutch data set, Golob (22) notes working women tend to have chains with shopping or personal business, combined with servepassenger or school trips. Golob (22) also notes the association between trip chains involving serve-passenger trips and life cycle.
It has often been observed that individuals with higher incomes tend to chained trips more frequently (23) and also to make complex trip chains (24) . It is also noted that commuters from higher income households tend to have more complex work trip chains (13) . On the other hand, there are results that income is not associated with forming complex commute chains, nor is it related with commute distance (7) . Using the number of trips in a trip chain as the dependent variable of Poisson and negative binomial models, Wallace et al. (17) conclude that larger households and households with higher incomes have smaller propensities to chain trips. Kuppam and Pendyala (13) note that as the frequency of activity engagement rises, one would expect a greater level of trip chaining, and conclude that individuals with higher income and mobility levels and females show a greater inclination towards complex trip chains. McGuckin and Murakami (25) note that trip chaining has remained the domain of females, rather than males, in the household, even as women have entered the workforce.
As this brief review indicates, empirical findings accumulated so far are not necessarily consistent with each other. For example, conflicting results exist on the relationship between commute trip length and stop making. Furthermore, to the best knowledge of the authors, the literature is not clear on how much a stop made as part of a commute journey adds to total travel time and distance, and how much it contributes to peak-period traffic. This is what the analysis of this study attempts to reveal.
SAMPLE PROFILES
The data set used in the statistical analysis of this study is provided by the Mobidrive project, which was funded by the German Ministry of Research and Education, and involved a sixweek travel diary survey conducted in Karlsruhe and Halle, German cities of about 300,000 inhabitants, in the fall of 1999. A total of 317 persons over 6 years of age from 139 households participated in the survey. Altogether, the respondents reported 45,532 trips on 11,737 person-days, with an average of 3.88 trips per person per day. For details of the Mobidrive project and the resultant data set, see Axhausen et al. (3) .
This study is concerned only with trips made by commuters on workdays. The sample used in the analysis comprises 7,289 trips made by 107 commuters on 2,526 person-days. Almost all (92.5%) sample commuters owned a driving license, while only 52.7% of them indicated their main commute mode was the automobile. The fraction of commuters whose main commute mode was non-motorized is larger than those whose main mode was public transit.
Let a "simple daily travel pattern" be one which involves a commute trip from home to work and a trip back from work to home only. When any stop is made during commute trips or any additional trip is introduced during the day, the patter shall be called a "complex daily travel pattern." Collectively, the sample commuters made simple daily travel patterns on 35.5% of the 2,526 person-days, while made complex patterns with additional stops on nearly twothirds of the days. It is found that 55.1% of the commuters used travel modes other than what they reported in the survey as their "main commute mode," at least once during the survey period. Overall 11.0% of commute journeys were made by travel modes other than the main modes.
Of the 107 sample commuters, 14 (13.1%) did not make a stop at all as part of their commute journeys during the six-week survey period. On the other hand, most (82.2%) of them made at least one stop as part of their W-H commute journeys, and 43.9 % made at least one stop in their H-W commute journeys during the period. Consistent with the result of Jou and Mahmassani (14) , this German data set shows that commuters are more likely to make stops in W-H commuter journeys than in H-W journeys, presumably because they have looser time constraints and have more disposable time after work, and also because more opportunities are available (e.g., more stores are open) after work than before work.
The number of stops per journey and the distribution of the purposes of these stops are shown in Tables 1 and 2 , respectively. Of those H-W journeys which contained at least one stop, most (89.6%) had only one stop. Private business, daily shopping and pick up/drop off passengers were most prevalent in H-W journeys. W-H commute journeys tended to have more stops, which were primarily for private business and daily shopping. The composition of trip purposes is quite different in this German data set than ones found in American data, where picking up/dropping off passengers is more prevalent (1). 
DO EARLY RISERS TEND TO MAKE A STOP ON THE WAY TO WORK?
With the presence of a stop, a commute journey would take longer than the case where no stop is made. The commuter would have to adjust the departure time while taking work starting time into account. One might anticipate that commuters with a stop in their H-W commute journeys tend to leave home earlier. It turned out that this is not the case. Figure 1 shows the distributions of journey starting and ending times for H-W and W-H journeys. H-W commute journeys with a stop (Figure 1 -a) tended to start later than those without a stop, and those leaving home quite early tended not to make a stop. It may be the case that conditions associated with stop making (e.g., store hours) induce a stop in a commute journey with a later departure time. The reader is cautioned, however, that the results presented here only indicate statistical associations between variables, not causal relationships.
Quite notable is the number of commuters who departed very early in the morning, starting from around 4:00 AM. On average, H-W commute journeys with a stop started at the home base 34 minutes later and ended at the work base 1 hour and 4 minutes later than their counterparts without a stop; W-H commute journeys with a stop started at the work base on average 56 minutes earlier and ended at the home base 1 hour and 2 minutes later. These differences, however, are perhaps not entirely due to the presence of a stop, but partly due to differences in work hours and other factors. The association between the number of stops and commute travel mode is shown in Table 3 .
Commute journeys with a large number of stops tended to be made by the automobile or nonmotorized mode. Among the journeys by public transit, one-stop journeys are overrepresented and no-stop journeys under-represented. Comparatively speaking, transit commuters tended to make just one stop in their commute journeys, while auto and nonmotorized commuters tended to make either no stop at all or multiple stops.
The result runs counter to the conventional wisdom that the automobile is better suited for trip chaining and auto travelers tend to make journeys with stops more often (1). The German data set used here indicates that public transit commuters did make a stop as part of their commute journeys more often than auto or non-motorized commuters. They, however, did not make multiple stops as often as the others. The average number of stops per commute journey is 0.389 for auto journeys, 0.409 for public transit journeys and 0.381 for non-motorized journeys. Overall, transit commuters pursued activities in their commuter journeys more often than did auto or non-motorized commuters. Table 4 indicates that auto commute journeys with stops tended to be longer in terms of both travel time and travel distance. On average, a stop adds 3 to 18 minutes in journey travel time. Two reasons are conceivable. First, a longer commute tends to have more opportunities intervening along its way, prompting more stops and generating a positive correlation between the journey length and the number of stops. Second, those who are making more stops are deviating more from their direct commute routes, adding travel time and distance to the commute journey. Table 5 tends to support the latter causality. Table 5 suggests that a longer commute distance does not necessarily prompt stop making in a commute journey. On the contrary, longer commute journeys tend to have fewer stops in case of H-W journeys. It appears as if reduced time availability due to longer commute journeys is suppressing activity engagement.
DO LONGER AUTO COMMUTES INDUCE STOPS?
Tendencies are less clear with W-H journeys. Journeys up to 5-km long tend to contain multiple stops, while those in the 20 to 40 km range tend not to have a stop. Overall, no positive association is evident between commute journey distance and the number of stops in commute journeys. Note: Since commute distance is not available in the data set, "base commute distance" is calculated as the average of the distances of journeys without stops for each commuter; which may be different between H-W commute journeys and W-H commute journeys.
DO STOPS IN A COMMUTE JOURNEY ADD MORE OR LESS TRAVEL?
As noted earlier, it is believed that a commuter can make his travel more efficient, and make more stops without adding much travel time and distance by making them as part of commute journeys. Nonetheless, a stop will in general add travel time and distance. The question, then, is whether a stop in a commute journey is efficient and saves travel time and distance compared with a stop made outside the commute journey in a separate home-based or workbased journey. This is examined first by inspecting the daily total travel time and distance by the number of stops. Table 6 shows the mean total daily travel time and distance by the number of stops separately for those cases where commuters did not make a stop in commute journeys and for those cases where commuters had at least one stop in commute journeys. Part (a) of the table shows tabulation results for all commuters, and Part (b) for auto commuters. Part (a) indicates that, given the number of stops, commuters spent on average less time but traversed more distances on days when they made at least one stop in commute journeys than on days when they did not make a stop in commute journeys at all. Stops in commute journeys do appear to make daily travel more efficient. This tendency is even more pronounced for auto commuters as shown in Part (b). From Table 4 , it is clear that more stops in commute journeys imply more daily travel time and distance, but, as Table 6 has shown, they do not add travel time as much as do stops made in separate home-based or work-based journeys.
The result that auto commuters traveled more distances with less time when they made stops in commute journeys suggests that smaller fractions of their daily travel were through congested traffic; commuters impacted congestion less when they had stops in commute journeys compared with cases when they had stops only in home-based or work-based journeys. If this is in fact the case, then stops in a commuter journey aid in mitigating traffic congestion.
HOW MUCH TRAVEL DOES A STOP REALLY ADD?
To explore the above issue, the impact of stops on peak-period travel is now examined. Only auto commutes are addressed here because the issue is concerned with traffic congestion. In this analysis, morning and afternoon perk periods are defined for the two German cities based on the distribution of trips reported in the six-week diaries. Since H-W commute journeys concentrated in the two-hour period between 6:00 AM and 8:00 AM, these two hours are defined as the morning peak period. Likewise the afternoon peak period is defined to be from 4:00 PM and 6:00 PM. When peak-period travel time and distance are tabulated, only that portion of a trip which falls in a peak period is included in case a journey partially belongs to the peak period. For example, if a journey started at 5:40 AM and ended at 6:10 AM, then the last 10 minutes is considered peak-period travel. The origin-to-destination trip distance is apportioned according to travel time to peak and off-peak travel distance. In the above example, one-third (= 10/30) of the origin-to-destination trip distance is treated as peak-period travel distance.
The incremental travel time and distance due to a stop are evaluated for each commuter and summarized in Table 7 . The base commute journey travel time and distance are obtained from the six-week diary data by averaging travel times and distances of all H-W and W-H commute journeys, respectively, that did not involve a stop. Then, the differences of the travel time and distance of a journey with one or more stops and the base travel time and distance are defined as the incremental travel time and distance for that journey. For a stop in a homebased or work-based journey, the entire journey travel time and distance are treated as incremental travel time and distance because the journey would not have been made at all if the stop were not made. Table 7 is organized in the same format as Table 6 . Table 7 confirms the tendencies observed in Table 6 . As for daily travel time and distance, commuters had less incremental travel time but more incremental travel distance when they made stops in commute journeys than when they made stops only in separate journeys. In peak periods, on the other hand, those with stops in commute journeys had more incremental travel time as well as travel distance. A commuter can reduce daily travel time by making stops in commute journeys instead of making them in separate journeys, but this will definitely add to peak period traffic. Note: There are no auto commuters who commuted during the morning peak period and made stops outside their commute journeys. In other word, all auto commuters who commuted in the morning peak period and made stops had the stops in the commute journeys.
SYNTHESIS: PANEL REGRESSION ANALYSIS OF AUTO COMMUTERS
To validate the results obtained above in multivariate context, a panel regression analysis of travel time and distance is performed. The analyses in the previous two sections adopted the tabulation scheme where daily travel records were divided into two groups according to whether the commuter made a stop in his commuter journeys on respective survey days. Although this has simplified the tabulation, it has masked how much travel time and distance have been incremented by a stop in a commute journey and by a stop in a home-or workbased journey. The analysis of this section is an attempt to unmask this. The sample of the analysis comprises auto commuters as in the previous section. [D]: A 0-1 dummy variable which takes on a value of 1 when the description of the variable is true; 0 otherwise. The mean, therefore, indicates the fraction of cases where the variable takes on a value of 1. † Airline distance is measured based on the coordinates of the home and work location of each commuter, using the WGS 84 coordinate system, and is not in the metric unit.
Four regression models are developed using as the dependent variable: daily travel time, daily travel distance, peak-period travel time, and peak-period travel distance of each commuter on each day he commuted. Included in these models as explanatory variables are: the number of stops in the H-W commute journey, number of stops in the W-H journey, number of stops made in home-based journeys before work, number of stops made in home-based journeys after work, and number of stops made in work-based journeys. The coefficients of these explanatory variables will show how much additional travel time and distance are generated on average by a stop of each type. By introducing these variables representing five types of stops simultaneously into each model, the regression analysis attributes increases in travel time and distance to the respective types of stops.
Additional explanatory variables are the commuter's sex, square-root of age, square-root of household income, and airline distance between the home and workplace. The last variable is expected to explain the base commute time and distance when no stops are made at all. Results presented in Table 8 are consistent with this view.
An individual-specific error component is included in each model in this panel regression analysis. This is a random error term which takes on a fixed value for a given individual throughout his commute days, but will take on different values randomly from commuter to commuter. This term thus represents individual-specific factors whose influences on the dependent variable do not vary over time.
A note is due on the four explanatory variables representing the number of stops. That the number of stops enters the model as an explanatory variable without any transformation implies the assumption that the increment in travel time or distance is proportional to the number of stops, an assumption whose validity is yet to be examined. Since 99.4% of the H-W commute journeys and 92.6% of the W-H journeys had at most one stop (see Table 1 ), however, this assumption is unlikely to cause any substantial difference in regression results.
In fact models estimated with 0-1 dummy variables that signify that the journeys contain one or more stops yielded essentially the same results as in Table 8 . Nonetheless, this should be kept in mind as a potential limitation of the analysis here.
Results presented in Table 8 indicate that stops in W-H commute journeys and those in workbased journeys affect daily travel time and distance significantly (at α = 0.01). A stop in a W-H commute journey on average adds 10.73 minutes and 4.53 km to daily travel time and distance; a stop in a work-based journey adds a substantial 38.9 minutes and 25.8 km. Impacts of these types of stops on daily travel time and distance are considerable.
A stop made in a home-based journey before work adds 7.74 minutes, and that made in a home-based journey after work adds 18.66 minutes of travel time to the daily total. Both have negative coefficient estimates in the model for daily travel distance; those who made stops in home-based journeys either before or after work tend to have less daily travel distance, although the one for stops after work is not significant (at α = 0.1). Together with the result for the number of stops in W-H commute journeys, it is seen that stops after work, whether in commute journeys or separate home-based journeys, tend not to add distance but consume travel time, presumably because they tend to be made in evening congestion.
This is confirmed by the models for peak-period travel time and distance. The coefficient of the number of stops in home-based journeys after work is significant in the models for both travel time and distance, and indicates that a stop in a home-based journey after work adds 5.36 minutes and 2.30 km to afternoon peak traffic. The regression results also indicate that a stop in an afternoon W-H commute journey adds 3.54 minutes of travel time and 1.35 km of travel distance (both significant at α = 0.01). On the other hand, a stop before work, whether in a H-W commute journey or a home-based journey, does not significantly affect either travel time or travel distance (not significant at α = 0.1).
The regression models estimated here thus indicate that, contrary to what the tabulations presented earlier alluded to, stops made before work, either in H-W commuter journeys or in separate home-based journeys, do not influence peak-period travel time or travel distance. Stops made after work, on the other hand, significantly add to peak-period travel time and distance as well as daily travel time and distance. Quite notable is the result that stops in afterwork home-based journeys contribute more to peak period travel time and distance than do stops in W-H commute journeys. Although a stop on the way from work to home does add to peak-period traffic, a home-based journey made after returning home does contribute more to afternoon peak traffic.
SUMMARY
Using the Mobidrive, six-week travel diary data from Germany, the effects of stops made as part of commute journeys on daily travel time and distance as well as peak-period travel time and distance have been examined in this study. Taking advantage of the fact that the data set contains on average about 24 commute days per commuter, increments in travel time and distance due to stops made in commute journeys are evaluated and used in some of the analyses. These increments are developed by comparing, for the same commuter, the travel times and distances on days when stops were made in commute journeys and those on days when stops were not made. Also taking advantage of the multi-week data, panel regression analysis is performed to attribute the increments in travel time and distance to stops made in: a home-to-work commute journey, a work-to-home commute journey, a home-based journey before work, a home-based journey after work, and a work-based journey.
A preliminary analysis that explored tendencies in trip making has revealed that public transit commuters on average make more stops as part of their commute journeys than do auto or non-motorized commuters, while no clear relation is obtained between auto commute distance and stop making in this study.
It is clearly shown that the travel time and distance of a commute journey increases with the number of stops it contains. Yet, this study has offered empirical evidence that incorporating stops as part of commute journeys tends to make daily travel more efficient with more distances traversed with relatively less time compared with the case where the same number of stops are all made outside commute journeys. Nonetheless, stops in commute journeys do increase peak-period travel time and distance.
Stops made before work, either in home-to-work commuter journeys or in separate homebased journeys, do not significantly influence peak-period travel time or distance. Stops made after work, on the other hand, add to peak-period travel time and distance as well as daily travel time and distance substantially. Quite notably, the study has found that stops in afterwork, home-based journeys contribute more to peak-period travel time and distance than do stops in work-to-home commute journeys. A home-based journey made after returning home contributes to afternoon peak traffic more than does a stop in a work-to-home commute journey. Thus, the villain is not stops during commute journeys, but the stops in home-based journeys after work.
